Abstract. We use symbolic dynamics in the classic equal-mass free-fall threebody problem. Different methods for constructing symbolic sequences (in the process of numerical integration of trajectories) allow one to demonstrate (and illustrate on the Agekian-Anosova map) sensitivity to initial conditions, estimate entropies (Shannon, Markov and others), plot binary collision curves, reveal systems with intensive triple interactions (interplay), etc.
INTRODUCTION
Three-body interactions are important for understanding the dynamics and kinematics of stellar systems. The two-body problem has an analytic solution, but there is no solution for the general three-body problem, though the mathematical formulation of the problem is very simple. The lack of analytic solutions leads to intensive numerical studies.
Symbolic dynamics was used to analyze some special cases of the three-body problem. For example, Alexeyev (1968a Alexeyev ( ,b, 1969 Alexeyev ( , 1981 applied symbolic dynamics to one special case of the three-body problem -Sitnikov's problem (Sitnikov 1960) . Alexeyev used the symbolic dynamics approach and found an intermittency of motions of different types in the Sitnikov problem. Symbolic dynamics was also applied in two other special cases of the three-body problem: the rectilinear problem (Tanikawa & Mikkola 2000a,b) and the isosceles problem (Zare & Chesley 1998; Chesley 1999) . Application of symbolic dynamics to the free-fall equal-mass three-body problem was considered by Mylläri et al. (2004) , Chernin et al. (2006) , and Mylläri et al. (2007) . Tanikawa & Mikkola (2007) analyzed the case with non-zero angular momentum. Here, we continue our studies of the free-fall equal-mass three-body problem.
Symbolic dynamics approach is based on the topological conjugacy between continuous evolution of the dynamical system and a shift map on the space of sequences of integer numbers reflecting the state of the evolution. Constructed symbolic sequences allow one to describe various orbit types (periodic orbits, their bifurcations, binary and triple collisions, etc.).
Free-fall equal-mass three-body problem is convenient for studies since it allows an easy visualization of the results -all possible initial conditions can be represented by the Agekian-Anosova region. We can cover all possible initial configurations if we place two bodies at the points (-0.5, 0) and (0.5, 0), and the third body inside the region D bounded by two straight line segments and arc of the unit circle centered at (-0.5, 0) ( Fig. 1) .
For numerical simulations we used our own three-body code and symplectic code by Seppo Mikkola (Tuorla Observatory, University of Turku), see Mikkola & Tanikawa (1999) .
CONSTRUCTION OF SYMBOLIC SEQUENCES
Depending on the goal, one can use different ways to construct symbolic sequences: partitioning the phase space, fixing special dynamical states during the evolution of the triple system -binary encounters, triple encounters, special configurations, etc. One particular way we use is to project the system onto the region D (in accordance with the relative distances between the bodies) -Method D. There are six different projections (permutations of the bodies) possible, thus we get the sequences constructed from the alphabet {1; 2; 3; 4; 5; 6}. We also used partitions of the homology region D into four parts suggested by Chernin et al. (1994) Method 4, and (to compare the results) partitioning of region D into three parts (Method 3), resulting in sequences made of a four-and three-symbol alphabet, respectively (see Fig. 2 ), and binary (Method bin) and triple (Method triple) encounters to construct two more sequences with alphabets {1; 2; 3} (number of the farthest body at the time when the encounter is detected).
SENSITIVITY TO INITIAL CONDITIONS
One of the problems with applying symbolic dynamics techniques is the establishment of one-to-one correspondence between trajectories of the dynamical system and symbolic sequences. We cannot prove it theoretically in the general case, but if we demonstrate high sensitivity of the symbolic sequences that we obtain for the initial conditions, it can be used as a "practical" demonstration of this correspondence. Certainly, for some short-lived systems we will get the same sequences, but these systems are of little interest; of greater interest are long-living A. Mylläri, V. Orlov, A. Chernin, A. Martynova, T. Mylläri systems with active interplay. Fig. 3 illustrates the first 16 symbols for Method D: the initial (0), and the 15 following symbols in the sequences. For control, we use for initial conditions not only trajectories from region D, but also those from a rectangular region containing region D as a subset. The symmetry with respect to the boundary of region D is immediately apparent. Fig. 4 shows 25 th symbol in the sequence. One can see that connected areas of the same color are getting smaller -it illustrates the sensitivity of the sequences obtained to the initial conditions. Figure 5 compares the sequences for different methods: it shows 20 th symbol in the sequences for Method bin and Method triple, 40 th symbol for Methods 3, 4 and D. One can see that areas of the same color are small. We note also the domination of the blue color in the images for Methods 3 and 4 -it corresponds to the final stage of the evolution of the triple systems in the form of a binary + escaper. 
ENTROPIES
One can use entropies to analyze the complexity of sequences. Fig. 6 (left) shows Shannon entropy for the sequences obtained by Method D. One can see similar features in Fig. 6 (right) that illustrates the life-time of triple systems.
The final stage of the evolution of most systems has the form of a binary + escaper, and hence the limiting value of the entropy can be predicted analytically. Of interest is the period of active interplay, where bodies experience frequent binary and triple encounters. To reveal (and characterize) this point, we increased the length of the symbolic sequence step-by-step and calculated the entropy at each step. We fixed the maximum value of the entropy and the time when it was reached -it corresponds to the active interplay. Fig. 7 shows maximum entropy for binary encounters and the corresponding histogram. There are two distinct modes in the histogram. Fig. 8 shows the initial conditions corresponding to each of these modes. One can see that these two components are "complementary" in a way. 
CONCLUSIONS
We have demonstrated some applications of symbolic dynamics in studies of the three-body problem. In particular, we can reveal systems with active two- and three-body interactions, systems with active interplay over long time, etc. Other useful applications are possible. For example, Tanikawa & Mikkola (2007) constructed symbolic sequences recording the time when one body crosses the line connecting two distant bodies (Fig. 9) . There are six possible permutations, and hence we have an alphabet of six symbols. One application of this method suggested by the above authors is to search for binary collision curves.
If we make a plot similar to Figs. 3-5, the border between different colors will separate a case where, for example, body 1 passes between bodies 2 and 3 and a case where body 2 passes between bodies 1 and 3. It means that at the boundary between these regions there is a collision of bodies 1 and 2. Some collision curves are shown in Fig. 10 .
